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IMAGE RECORDING APPARATUS WITH A 
LASER OPTICAL UNIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an image recording 

apparatus, and more particularly to an image recording 
apparatus wherein a laser beam emitted from a laser 
diode writes an image on a recording medium. 

2. Description of Related Art 
Conventionally, in an electrophotographic laser 

printer, a laser beam optical scanning system has been 
using a laser diode as a light source. A laser beam emit 
ted from the laser diode is a light diffused within a 
certain angle, and a convergent lens (a collimator lens) 
is disposed in front of the laser diode so as to change the 
diffused light into a parallel pencil of rays or a conver 
gent pencil of rays. 

Recently, a micro Fresnel lens has been developed. 
The micro Fresnel lens has a pattern of concentric cir 
cles pitched by microns on a sawtooth surface, and 
zones among the circles are alternatively transparent 
and opaque. The micro Fresnel lens uses refraction and 
diffraction. When a parallel pencil of rays enters the 
micro Fresnel lens, the rays are bent at the alternatively 
transparent and opaque zones, and the parallel pencil of 
rays are changed into a convergent pencil of rays. 
When the Fresnel lens receives a divergent pencil of 
rays emitted from its focal point, the Fresnel lens 
changes the divergent pencil of rays into a parallel pen 
cil of rays. 
The micro Fresnel lens can be used in the optical 

scanning system as a collimator lens. However, in this 
case, when the wavelength of the laser beam emitted 
from the laser diode changes, the optical scanning sys 
tem changes its performance, thereby causing defocus. 
More speci?cally, since the Fresnel lens uses diffrac 
tion, its focal length changes with a change in the wave 
length of the laser beam. The size of a beam spot on an 
image surface (on a surface of a photosensitive drum) 
changes according to the focal length of the Fresnel 
lens. Therefore when the wavelength of the laser beam 
changes, a ?nished image will be deteriorated. 
The wavelength of the laser beam emitted from the 

laser diode changes according to the temperature of the 
laser diode. Main factors of changing the temperature of 
the laser diode is heat radiated from the light emitting 
portion of the laser diode itself and a change in tempera 
ture in the circumstances. Especially when the laser 
diode is turned on, the laser diode may be so heated that 
the wavelength of the laser beam emitted therefrom is 
changed remarkably. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
image recording apparatus which records quality im 
ages. 
Another object of the present invention is to provide 

an image recording apparatus which has a compact 
laser source unit and brings out stable optical perfor 
mance regardless of temperature. 
A further object of the present invention is to provide 

an image recording apparatus which has a compact 
laser source and of which optical performance is not 
in?uenced by heat radiated from a laser diode of the 
laser source unit. 
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2 
The above objects are intended to be achieved by 

providing a convergent member having a diffracting 
effect in the laser source unit in front of a laser diode. 
An image recording apparatus according to the pres 

ent invention has a'laser source unit composed of a laser 
diode and a convergent member having a diffracting 
effect, and the convergent member has a focal length 
fee which meets either one of the following conditions. 

> (mil/"001)». 

>MAELZ. 

ANN-A (A: wavelength of the laser beam when the 
laser diode has a standard temperature, A’: wave 
length of the laser beam when the laser diode has a 
higher temperature) 

fco: focal length of the convergent member when the 
laser beam has the wavelength A‘ 

Do: diameter of a beam spot on an image surface 
when the laser beam has the wavelength A 

D1: tolerable limit of the diameter of the beam spot 
fH: focal length of the optical scanning means in a 

main-scanning direction 
b1: distance between the convergent member and its 

image point 
by distance between the optical scanning means and 

the image surface 
Another image recording apparatus according to the 

present invention comprises: a laser source unit com 
posed of a laser diode and a convergent member having 
a diffracting effect; current supply means for supplying 
the laser diode with a current, the current being 
switched between a ?rst level in accordance with a ?rst 
state of image data and a second level in accordance 
with a second state of image data; and current control 
means for adjusting the ?rst level so that the laser diode 
keeps its output at a speci?ed level and for adjusting the 
second level so that the ?rst level and the second level 
have a difference not more than a speci?ed amount. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
invention will be apparent from the following descrip 
tion in reference with the accompanying drawings in 
which: . 

FIG. 1 is a schematic view of a laser printer employ 
ing a laser beam optical scanning system which is a ?rst 
embodiment of the present invention; 
FIG. 2 is a perspective view of the laser beam optical 

scanning system; 
FIG. 3 is a perspective, partially cutaway, view of a 

laser source unit which is provided in the laser beam 
optical scanning system; 
FIG. 4 is a perspective view of a Fresnel lens which 

is provided in the laser source unit, showing its opera 
tion; 
FIG. 5 is a perspective view of a laser beam optical 

scanning system which is a second embodiment; 
FIG. 6 is a view showing the progression of a laser 

beam in a main-scanning direction in the laser beam 
optical scanning system of the second embodiment; 

foo 
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FIG. 7 is a view showing the progression of the laser 
beam in a sub-scanning direction in the laser beam opti 
cal scanning system of the second embodiment; 
FIG. 8 is a chart showing relation between a driving 

current of a laser diode and its output according to a 
third embodiment; 
FIG. 9 is a block diagram of a driving current control 

circuit according to the third embodiment; 
FIG. 10 is a block diagram of another driving current 

control circuit according to the third embodiment; and 
FIG. 11 is a block diagram of another driving current 

control circuit according to the third embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Some exemplary image recording apparatuses ac 
cording to the present invention are hereinafter de 
scribed with reference to the accompanying drawings. 

First Embodiment: See FIGS. 1-4 

FIG. 1 shows a laser printer employing a laser beam 
optical scanning system 20 which is a ?rst embodiment 
of the present invention. 

15 

20 

A photosensitive drum 2 is disposed substantially in . 
the center of a laser printer body 1 and is rotatable in a 
direction indicated by arrow a. Around the photosensi 
tive drum 2 are an electric charger 3, a developing 
device 4, a transfer charger 5 and a residual toner 
cleaner 6. The laser beam optical scanning system 20 is 
disposed above the photosensitive drum 2. A laser beam 
emitted from the optical scanning system 20 irradiates a 
surface of the photosensitive drum 2, which is electri 
cally charged by the electric charger 3 so as to have a 
speci?ed potential uniformly, and forms a speci?ed 

. electrostatic latent image thereon. The electrostatic 
latent image is developed into a toner image by the 
developing device 4. 

Meanwhile, recording sheets are automatically fed 
one by one from a sheet feed cassette 10 disposed in a 
lower part of the body 1, and each sheet fed from the 
cassette 10 is transported to a transfer section via timing 
rollers 11. The sheet receives the toner image in the 
transfer section, and the toner image is ?xed on the 
sheet by a ?xing device 12. Then, the sheet is ejected 
onto an upper surface of the body 1 through ejection 
rollers 13. 
FIG. 2 shows the laser beam optical scanning system 

20. 
The laser beam optical scanning system 20 comprises 

a laser source unit 21, a cylindrical lens 30, a polygonal 
mirror 31, an f0 lens 32, a plane mirror 33, a sensor 45 
for timing a start of writing for each scanning line, and 
mirrors 41 and 42 for guiding a laser beam to the sensor 
45, and these elements are ?tted in a housing. 
A laser beam is emitted from the laser source unit 21 

and passes through the cylindrical lens 30 to be imaged 
on a re?ective facet of the polygonal mirror 31. The 
laser beam is imaged on the facet in a linear form ex 
tending in a plane of de?ection to be made by the polyg 
onal mirror 31. The polygonal mirror 31 is rotated in a 
direction indicated by arrow b at a constant speed so as 
to de?ect the laser beam continuously at a constant 
angular velocity. The de?ected laser beam passes 
through the f0 lens 32 and is re?ected by the plane 
mirror 33. The re?ected laser beam proceeds through a 
slit (not shown) of the housing and is imaged on the 
photosensitive drum 2. In this way, the laser beam is 
scanned in a direction parallel with a rotating axis of the 
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4 
photosensitive drum 2 at a constant speed, and scanning 
in this direction is referred to as mainiscanning. Scan 
ning of the laser beam resulting from the rotation of the 
photosensitive drum 2 is referred to as sub-scanning. 

In the above structure, an image (electrostatic latent 
image) is recorded on the photosensitive drum 2 in 
accordance with modulation of the laser beam emitted 
from the laser source unit 21 and the main-scanning and 
the sub-scanning. The f0 lens 32 adjusts the main-scan 
ning speed so that the scanning speed on a main-scan 
ning line will be constant at every portion. In other 
words, the f0 lens 32 corrects distortion. The cylindri 
cal lens 30 cooperates with the f0 lens 32 so as to correct 
errors caused by misalignment of the re?ective facets of 
the polygonal mirror 31. 

In the meantime, part of the laser beam de?ected by 
the polygonal mirror 31 is re?ected by the mirrors 41 
and 42, and enters the sensor 45 via a cylindrical lens 46. 
Writing for each main-scanning line is started in accor 
dance with a signal sent from the sensor 45. 
Now referring to FIGS. 3 and 4, the laser source unit 

21 is described. 
The laser source unit 21 comprises a base 22, a laser 

diode 23, a Fresnel lens 24, a metal cover 25 and a pho 
todiode 28 for monitoring the quantity of light emitted 
from the laser diode 23. The cover 25 has an exit win 
dow 250 provided with a protection glass 26. The laser 
diode 23 emits a diffused light from its composition 
plane when it is supplied with a speci?ed amount of 
electric current. The Fresnel lens 24 has a pattern of 
concentric circles pitched by microns on a sawtooth 
surface, and zones among the circles are alternatively 
transparent and opaque. The Fresnel lens 24 has a re 
fracting effect and a diffracting effect, and alight is bent 
at the alternatively transparent and opaque zones. When 
the Fresnel lens 24 receives a parallel pencil of rays, the 
Fresnel lens 24 changes the parallel pencil of rays into a 
convergent pencil of rays which converges on its focal 
point. When the Fresnel lens 24 receives a divergent 
pencil of rays emitted from its focal point, the Fresnel 
lens 24 changes the divergent pencil of rays into a paral 
lel pencil of rays (see FIG. 4). 
The light emitting portion (composition plane) of the 

laser diode 23 is disposed on the focal point of the Fres 
nel lens 24, and therefore the diffused light emitted from 
the laser diode 23 is changed into a parallel pencil of 
rays by the Fresnel lens 24. Thus, the parallel pencil of 
rays proceeds from the laser source unit 21 to the cylin 
drical lens 30. 
The Fresnel lens 24, which is made of polycarbonate, 

is so made as to handle 'a laser beam of 780 nm wave 
length, and its focal length is about l-l0 mm. 
The Fresnel lens 24 is very compact and light, and it 

can be mounted in a case with the other components of 
the laser source unit 21 densely. In a conventional laser 
source unit, a single glass aspherical lens has been used 
as a collimator lens. Compared with the conventional 
laser source unit, the laser source unit 21 having the 
Fresnel lens 24 is very compact. Additionally, since the 
vFresnel lens 24 is mounted in the case with the other 
components of the laser source unit 21, positioning of 
the laser diode 23 and the Fresnel lens 24 is not neces 
sary when mounting the laser source unit 21 in the 
housing of the optical scanning system 20. Mass produc 
tion of the Fresnel lens 24 is possible by adopting a 
molding method, and this method does not require a 
milling process. 
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Recently, in order to provide inexpensive laser print 
ers, scanning speed has been tried to be lowered, and 
sensitivity of photosensitive drums has been tried to be 
heightened. Speci?cally, some photosensitive drums 
require only about 0.2 mW of light to obtain an image 
thereon. In a case of using such a photosensitive drum, 
:1 laser diode must output about 0.8 mW of light because 
a light transmittance is 25 to 30% in an ordinary optical 
system. However, 0.8 mW is around a threshold value 
for a laser diode to perform spontaneous emission and to 
perform induced emission, and the spontaneous emis 
sion of the laser diode is not steadily responsive to 
image data. It is possible to manufacture a Fresnel lens 
which has a light transmittance of about 50% or less, 
and a light transmittance of an optical system employ 
ing this Fresnel lens will be lower than that of an ordi 
nary optical system. In this case, accordingly, the laser 
diode must output much more than 0.8 mW of light, and 
the laser diode performs the induced emission, which is 
well responsive to image data. 
However,-there is still a problem in the laser source 

unit employing the Fresnel lens. A laser beam emitted 
from the laser diode changes its wavelength according 
to temperature; Main factors of changing the tempera 
ture of the laser diode is heat radiated from the light 
emitting portion of the laser diode itself and a change in 
temperature in the circumstances. Since the Fresnel lens 
uses diffraction, the Fresnel lens is very susceptible to a 
change in the wavelength of the laser beam, that is, the 
Fresnel lens changes its focal length with a change in 
the wavelength of the laser beam. The change in the 
focal length of the Fresnel lens is enlarged while the 
laser beam is passing through downstream optical ele 
ments, and therefore a slight change in the focal length 
of the Fresnel lens may cause remarkable defocus 
around an image surface (surface of a photosensitive 
drum). 

This problem is hereinafter analyzed. 
A change in the focal length of the Fresnel lens with 

a change in the wavelength of the laser beam emitted 
from the laser diode can be expressed as follows. 

7t: designed wavelength of the laser beam 
N: wavelength of the laser beam after a change 
1‘: designed focal length of the Fresnel lens 
f’: focal length of the Fresnel lens after the change 
Defocus resulting from a change in the focal length of 

the Fresnel lens is expressed by expressions (2) and (3) 
in respect to the main-scanning direction and the sub 
scanning direction respectively. 

Main-scanning direction: 

AXH=(fu/fco)2Ax (2) 

AK”: degree of defocus (variation in location of a 
final image point of the optical scanning system) 

Ax: variation in location of an object point of the 
Fresnel lens . 

f}; focal length of the optical scanning system 
fco: focal length of the Fresnel lens 
Sub-scanning direction: 
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AXV: degree of defocus (variation in location of an 
image point of the optical scanning system) 

B: lateral magni?cation of the optical scanning sys 
tem 

fcy. focal length of the cylindrical lens 
The size of a beam spot on the photosensitive drum 2 

with defocus AX}; can be expressed as follows. 

Do: diameter of the beam spot (l/e2) in the main 
scanning direction when the laser beam has a de 
signed wavelength A 

D: diameter of the beam spot (l/ez) when defocus 
AX}; is caused by a change in the wavelength of the 
laser beam 

Although the expression (4) is about the degree of 
defocus and the size of the beam spot in the main-scan 
ning direction, those in the sub-scanning direction can 
be expressed in the same way. 
The in?uence of a change in the wavelength A of the 

laser beam upon the optical scanning system 20 is ana 
lyzed, referring to an example having the following 
design values. 

wavelength of the laser beam: A=780 nm 
focal length of ‘the Fresnel lens: fc0=6 mm 
focal length of the optical scanning system in the 

main-scanning direction: f H= 150 mm 
lateral magni?cation of the optical scanning system: 
B = 3 

focal length of the cylindrical lens: fcy=4.0 mm 
diameter of a beam spot on the photosensitive drum 

in the main-scanning direction: 100 pm 
diameter of a beam spot on the photosensitive drum 

in the sub-scanning direction: 150 pm 
Table 1 shows variations with changes in the wave 

length of the laser beam. 

TABLE 1 
variation 
in the 

wavelength A X A X}; A XV DH Dy 

lnm 7.7 pm 4.8 an. 3.1mm lllpm 151 pm 
2 nm 15.4 um 9.6 mm 6.2 mm 188 pm 155 um 

DH: diameter of the beam spot (l/e2) in the main 
scanning direction with a variation in the wave 
length of the laser beam 

Dy: diameter of the beam spot (l/ez) in the sub-scan 
ning direction with a variation in the wavelength of 
the laser beam 

As is apparent from Table 1, a change in the wave 
length of the laser beam in?uences the main-scanning 
more strongly than the sub-scanning. A change in the 
wavelength of the laser beam leads to an enlargement of 
the beam spot on the photosensitive drum. The enlarge 
ment of the beam spot lowers the energy density on the 
photosensitive drum, and this results in thinner lines and 
a low density on a ?nished image through electrophoto 
graphic processing. Two ways of preventing these 
problems are possible. One is inhibiting the wavelength 
of the laser beam from varying, and the other is inhibit 
ing a change in the wavelength of the laser beam from 
causing defocus (a change in the location of the final 
image point) of the optical scanning system. 

In the ?rst embodiment, a Fresnel ‘lens which has a 
desired focal length is used so that a change in the 
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wavelength with a rise in the temperature of the laser 
diode will not cause such serious defocus as to cause 
practical problems. Since a change in the wavelength of 
the laser beam in?uences the main-scanning more 
strongly than the sub-scanning, the Fresnel lens should 
be so designed as to inhibit defocus especially in respect 
to the main-scanning direction. 

If the beam spot on the photosensitive drum 2 is toler 
ated to be enlarged to have a diameter D] in the main 
scanning direction (D<D1), a condition thereof can be 
expressed as follows. 

(411) 
‘l 1 + (MAKE/11002? < 01/0,, 

A variation Ax in the location of the object point of 
the Fresnel lens when the wavelength of the laser beam 
changes from A to A’ is expressed as follows. 

By substituting the expression (5) into the expression 
(2), an expression (2a) is obtained. 

AX11={(fH/fc0)20»'—>\)/>~}fc0 (28) 

By substituting the expression (2a) into the expression 
(4a), an expression (6) is obtained. ‘ 

A Fresnel lens which has a focal length f“, larger than 
a value calculated by the right term of the expression (6) 
must be used. However, if the focal length fm of the 
Fresnel lens is too large, light transmittance of the opti 
cal system as a whole becomes too low. In that case, in 
order to compensate the low light transmittance, a large 
current must be supplied to the laser diode, which may 
help the wavelength of the laser beam vary. Therefore 
the focal length fa, of the Fresnel lens must be large 
enough to meet the expression (6) but not so large as to 
cause the problem. Further, the limit D1 of the diameter 
of the beam spot is practically about 1.25 times the 
design value Do. 
More speci?cally, a variation AA in the wavelength 

of the laser beam can be kept about less than 1 nm under 
the present technology, and if the diameter of the beam 
spot is tolerated to increase by at most 25% 
(D1/Do<1.25), an expression (6) can be rewritten as 
follows. ' 

4 x 1045,0110} (68) 

‘l 1.252 - 1 

5.3 x 104/51 

‘ti-D02 
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The design value D0 of the beam spot is determined I 
depending on what image density is desired and is cal 
culated as follows. 

D,,/P§2.0 (7) 

P: image pitch 

65 

240 DPI=0.l06 
300 DPI=0.085 
400 DPI=0.0635 

The expressions (6a) and (7) determine the relation 
between the focal length fa, of the Fresnel lens and the 
focal length fg of the optical scanning system in the 
main~scanning direction. If P=400 DPI and D0=l.7 
P(O. 10795), the relation between fco and f}; is as follows. 

fm>l-45Xl0"‘4fH-2 (a) 

If P=300 DPI and D0: 1.7 P, the relation between 
fm and fg is as follows. 

fm>8.O8Xl0_5fH2 (9) 

If P=240 DPI and D0: 1.7 P, the relation between 
f“, and f H is as follows. 

fm>s.2>< 10-5311 (10) 

If an optical scanning system having a focal length f}; 
of 170 mm is employed in a printer of 400 DPI, a Fres 
nel lens which has a focal length fm larger than, prefera 
bly a little larger than 4.2 (calculated by using the ex 
pression (8)) must be used in the optical scanning sys 
tem. ' 

The above analysis can be applied only to a case 
wherein the light emitting portion of the laser diode 23 
is disposed on the focal point of the Fresnel lens 24 and 
a parallel pencil of rays is emitted from the laser source 
unit 21. 

If the light emitting portion of the laser diode 23 is 
farther than the focal point of the Fresnel lens 24, a 
convergent pencil of rays is emitted from the laser 
source unit 21. In this case, the expression (6) cannot be 
used to determine the focal length fw of the Fresnel lens 
24. If an f0 mirror system is disposed after the polygonal 
mirror 31 instead of the f0 lens system 32, the expression 
(6) cannot be used to determine the focal length fm of 
the Fresnel lens 24. 

Second Embodiment: See FIGS. 5-7 

A second embodiment of the present invention is a 
laser beam optical scanning system 20' which has a laser 
source unit 21' emitting a convergent pencil of rays and 
has an f0 mirror system. The laser source unit 21’ com 
prises the same components as the laser source unit 21 in 
the ?rst embodiment. 
FIG. 5 shows the optical scanning system 20'. The 

polygonal mirror 31 de?ects a laser beam emitted from 
the laser source unit 21’, and the de?ected laser beam 
passes through a toric lens 35 and is re?ected by a 
spherical mirror 36 and a plane mirror 37. Then, the 
laser beam is imaged on a surface of the photosensitive 
drum 2. Meanwhile, part of the de?ected laser beam is 
re?ected by a mirror 43 and guided to the sensor 45. 
A toric lens means a lens which has a toroidal surface 

and a spherical, plane or cylindrical surface, one of 
which surfaces serves as an incidence side and the other 
of which serves as an emergence side. In the second 
embodiment, the toric lens 35 has a toroidal surface as 
the incidence side and a spherical surface as the emer 
gence side. A toroidal surface means a surface of which 
principal meridians have mutually different centers of 
curvature. 
The spherical mirror 36 and the spherical surface of 

the toric lens 35 function as an f0 lens. Speci?cally, the 
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spherical mirror 36 and the spherical surface of the toric 
lens 35 adjust the main-scanning speed to prevent dis 
tortion and prevent curvature of ?eld in the main-scan 
ning direction. The toroidal surface of the toric lens 35 
corrects errors caused by misalignment of the re?ective 
facets of the polygonal mirror 31 and prevents curva 

. ture of ?eld in the sub-scanning direction. The cylindri 
cal lens 30 images the laser beam emitted from the laser 
source unit 21' on a re?ective facet of the polygonal 
mirror 31. The toroidal surface of the toric lens 35 keeps 
each re?ective facet of the polygonal mirror 31 and the 
surface of the photosensitive drum to conjugate each 
other. 

Next, defocus of the optical scanning system 20' is 
analyzed. 
FIG. 6 shows progression of the laser beam in respect 

to the main-scanning direction. In FIG. 6, marks a1, b1, 
L1 and b2 denote the following things. - 

a]: distance between the Fresnel lens and its object 
point 

b1: distance between the Fresnel lens and its image 
point 

L1: distance between the Fresnel lens and the toric 
lens 

b2: distance between the toric lens and the photosen 
sitive drum 
The degree of defocus AX H (a variation in location of 

a ?nal image point of the optical scanning system 21’) in 
the main-scanning direction can be expressed as fol 
lows. 

Afm: variation in the focal length of the Fresnel lens 

(2b) 
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For example, when a1=6 mm, b1=60O mm, L1=200 _ 
mm and b;: 150 mm, AXH is calculated at 1378.3 Afco. 
FIG. 7 shows progression of the laser beam in respect 

to the sub-scanning direction. Marks L2, b3 and ,B de 
note the following things. 

Lz: distance between the Fresnel lens and the cylin 
drical lens 

b3: distance between the cylindrical lens and its image 
point 

B: lateral magni?cation of the optical scanning sys 
tem in the sub-scanning direction 
The degree of defocus AXv (variation in the location 

of the ?nal image point of the optical scanning system 
21') in the sub-scanning direction can be expressed as 
follows. 

2 2 

111 J (1 - H) Afco 
For example, when a1=6 mm, b1=600 mm, L2=50 

mm, b3: 50 mm and B =2, AXyis calculated at 729 Afm 
The beam spot on the photosensitive drum 2 is en 

larged with the defocus. The diameter D3 of the en 
larged beam spot (1/e2) in the main-scanning direction 
and the diameter Dy of the enlarged beam spot (l/ez) in 
the sub-scanning direction are expressed by expressions 
(11) and (12) respectively under conditions of MN: 1, 
a1<b1 and alzfw. 

(3b) 
In 
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In 41th (ll) 
D” = (In — L2) '1r2a1sin(l.76H/2) ‘ADI! 

under a condition of 

(12) 
47b) 

under a condition of 

.1- _ ._l._ _ ._l__ 
b3 b1 — L1 _ [CY 

011: angle of diffusion of the laser beam in the main 
scanning direction 

0v: angle of diffusion of the laser beam in the sub-scan 
ning direction 

ADH: coef?cient calculated from OH and N.A. of the 
Fresnel lens 

ADV: coefficient calculated from 0, and NA. of the 
Fresnel lens 

The degree of defocus in the main-scanning direction 
can be calculated as indicated by the expression (2b). 
The relation between the degree of defocus and the 
beam spot can be expressed by the expression (4) men 
tioned in the ?rst embodiment. As described in the ?rst 
embodiment, if the beam spot is tolerated to be enlarged 
to have a diameter D; in the main-scanning direction, an 
expression (13) can be obtained from the expressions 
(4a) and (2b). 

“(Di/Do? — 1 

In the second embodiment, a Fresnel lens having a 
focal length fm which meets the condition indicated by 
the expression (13) must be used. 
As mentioned in the ?rst embodiment, the limit D1 of 

the diameter of the beam spot is about 1.25 times the 
design value Do, and a variation A). in the wavelength 
of the laser beam can be kept less than 1 nm. Accord 
ingly, the expression (13) can be rewritten as follows. 

Ifb1=600mm, L1=200 mm and b2=ll0 mm, a Fres 
nel lens which has a focal length fm larger than 3.9 must 
be used. 

Third Embodiment: See FIGS. 8-11 

In a third embodiment, variation in the focal length of 
the Fresnel lens, which causes defocus, is intended to be 
inhibited by controlling the current supplied to the laser 
diode. The third embodiment comprises the same com 
ponents as the optical scanning system 20 of the ?rst 
embodiment shown in FIGS. 1-4. As described in the 
?rst embodiment, the wavelength of the laser beam 
emitted from the laser diode changes according to the 
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temperature of the laser diode, and main factors of 
changing the temperature of the laser diode is heat 
radiated from the laser diode itself and a change in 
temperature in the circumstances. The Fresnel lens 
which uses diffraction changes its focal length accord 
ing to the wavelength of the laser beam. A slight change 
in the focal length of the Fresnel lens is enlarged while 
the laser beam is passing through the downstream opti 
cal elements 30, 31, 32 and 33, and this may result in 
remarkable defocus. 
The analysis of this problem can be made in the same 

manner as that in the ?rst embodiment ‘using the expres 
sions (1), (la), (2) and (3). The expression (4) which 
shows the relation between the degree of defocus and 
the diameter of the beam spot and Table l which shows 
the relation between the wavelength of the laser beam 
and the diameter of the beam spot can be used for the 
analysis of the third embodiment. Further, the expres 
sion (6) determining the focal length ft‘, of the Fresnel 
lens can be used in the third embodiment. 

In the third embodiment, the wavelength of the laser 
beam emitted from the laser diode is intended to vary 
only within a narrow range by controlling the current 
supplied to the laser diode. In this way, variation in the 
focal length of the Fresnel lens will be inhibited, and 
defocus will be reduced to such a low degree as not to 
cause practical problems. As is apparent from Table 1, a 
change in the wavelength of the laser beam influences 
the main-scanning more strongly than the sub-scanning, 
and therefore inhibition of defocus especially in the 
main-scanning direction should be considered. 

In the third embodiment, the wavelength of the laser 
beam is intended to vary within a narrow range. From 
the expression (6), an expression (6a) determining a 
variation AA in the wavelength of the laser beam can be 
obtained. 

(6b) 

The current supplied to the laser diode must be so 
controlled that the wavelength of the laser beam varies 
within a range expressed by the right term of the expres 
sion (6b). Practically, the tolerable limit D1 of the diam 
eter of the beam spot is about 1.25 times the design value 
D0. 

Next, control of the current supplied to the laser 
diode is hereinafter described. 
FIG. 8 shows the relation between the amount of 

current I supplied to the laser diode and the output 
(quantity of light) P of the laser diode. The lines A and 
B indicate output characteristics of the laser diode 
under a temperature of T1 and under a temperature of 
T2 respectively. The temperature T1 is lower than the 
temperature T2. A value P0 is a threshold value of de 
velopment. As long as the quantity of light emitted from 
the laser diode is not more than Po, the data on the light 
will never be developed. On the other hand, in order to 
obtain an image of a desired density, for example, 
ID=l.5, the quantity of light emitted from the laser 
diode must be at least a value P1. 
According to the characteristic curves A and B, 

when the temperature rises, the quantity of light emitted 
from the laser diode becomes smaller. Therefore in 
order to enable the laser diode to emit the same quantity 
of light under a higher temperature, the laser diode 
must be supplied with more current. Speci?cally, when 
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12 
the temperature rises from T1 to T2, the current must be 
increased from I1(T1) to I1(T2) in order to obtain an 
image of the desired density. Thus, the current supplied 
to the laser diode must be controlled so that outputs of 
the laser diode in accordance with image data of “0” 
and in accordance with image data of “1” will be not 
more than P0 and at least P1 respectively under any 
temperature. This can be expressed as follows. 

ioélofr) (10) 

i0: amount of current supplied to the laser diode in 
accordance with image data of “0” 

i1: amount of current supplied to the laser diode in 
accordance with image data of “l” 

The expression (20) indicates a condition of prevent 
ing unnecessary toner deposition on an image, and the 
expression (21) indicates a condition of forming an 
image of a desired density. 

If an optical scanning system of a printer employs an 
ordinary collimator lens, not a Fresnel lens, only the 
conditions (20) and (21) must be considered. However, 
if the optical system employs a Fresnel lens which uses 
diffraction, the wavelength of the laser beam must be 
substantially stabilized while the laser diode is operating 
to record a series of image data. In order to do that, 
preferably, the difference of a heating value of the laser 
diode when it is provided with image data of “O” and a 
heating value of the laser diode when it is provided with 
image data of “l” is small. Accordingly, it is preferred 
that the current difference Ai (i1 —i0) is small. 

It is known that the wavelength A of a laser beam 
emitted from a laser diode changes in proportion to a 
change in the temperature T of the laser diode, and this 
can be expressed as follows. 

AMAT=k (22) 

AT: variation in the temperature of the laser diode 
k: constant which is peculiar to the laser diode 
The relation among the temperature T of the laser 

diode, the temperature Tn in the circumstances and the 
output P of the laser diode is expressed as follows. 

T=RthP+Ta (23) 

Rm: thermal resistance 
The expression (23) can be rewritten as follows by 

using a voltage v (fixed) and the current i supplied to 
the laser diode. 

2‘: RM Vi+ Ta (24) 

From the expressions (6b), (22) and (25), an expres 
sion (26) can be obtained. 

In order to keep the diameter D of the beam spot 
within a speci?ed tolerable range, the amounts i1 and in 
of the current must be set such that the difference Ai 
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(i1 —l()) meets the condition indicated by the expression 
(26). 
Now, exemplary design values of the third embodi 

ment are presented. ' 

D0=0.108 mm(300DPI) 
f”: 160 mm 

R,;,=0.07° C./mW (ordinarily 0.05'-0.l' C./mW) 
v==2.0 V (ordinarily 1.8-2.5 V) 
k=0.3 nm/° C. (ordinarily 0.4 nm/' C., DFB0.07 

If the optical scanning system 20 is made according to 
the above design values, the current can be controlled 
so that Ai (=i1—i0) will be smaller than 29 mA. 
FIG. 9 shows an exemplary circuit for controlling the 

current supplied to the laser diode. 
The control circuit contains a continuous feedback 

loop using the photodiode 28 disposed in the laser 
source unit 21. In the circuit, the current is varied to 
have the laser diode 23 emit a proper amount of light for 
each dot. Image data sent from a data processor 50 
enters a D/A converter 51, and an output of the D/A 
converter 51 passes through ampli?ers 53 and 54 and is 
used to control the current supplied to the laser diode 
23. In a circuit 55, the current is set to a level to have the 
laser diode 23 achieve the larger output value P1, and an 
output of the circuit 55 is inputted into the D/A con 
verter 51. In a circuit 56, the current is set to a level to 
have the laser diode 23 achieve the smaller output P0, 
and an output of the circuit 56 is inputted into the ampli 
?er 53. In this way, the current supplied to the laser 
diode 23 is controlled in accordance with image data for 
each dot. 
FIG. 10 shows another exemplary circuit for control 

ling the current supplied to the laser diode. 
In the circuit, the current is controlled in accordance 

with two-value image data sent from a data processor 
60. The output of the laser diode 23 is detected by the 
photodiode 28. When image data of “1” are sent from 
the data processor 60 (the laser diode 23 must write an 
image), the laser diode 23 must achieve the larger out 
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put value P1, and a valuable resistor 61 varies its resis- - 
tance such that the laser diode 23 is supplied with a 
current ii to have the laser diode 23 achieve the larger 
output value P1. When image data of “0" are sent from 
the data processor 60 (the laser diode 23 must not write 
an image), the current flows not only to the laser diode 
23 but also to a valuable resistor 62 which is connected 
in parallel with the laser diode 23. The resistor 62 varies 
its resistance such that the laser diode 23 is supplied 
with only a bias current in to have the laser diode 23 
achieve the smaller output value P0. 
FIG. 11 shows another exemplary circuit for control 

ling the current supplied to the laser diode 23. 
The output of the laser diode 23 is detected by the 

photodiode 28. While the laser diode 23 is in a waiting 
condition (not writing), a valuable resistor 71 varies its 
resistance such that the laser diode 23 can achieve the 
smaller output value P0. This control circuit is provided 
with a steady-state current generating section 73 for 
superimposing the laser diode 23 with a current Ai (I i‘. 
_|0l). When image data of “1” are sent from a data 
processor 70, the steady-state current is supplied to the 
laser diode 23 fromthe section 73. The output of the 
laser diode 23 superimposed with the current is detected 
by the photodiode 28, and by varying the resistance of 
a resistor 72, the current from the section 73 is minutely 

45 

50 

55 

60 

65 

14 
controlled such that the laser diode 23 can achieve the 
larger output value P1. As is apparent from the graph of 
FIG. 8, the output of the laser diode 23 shows substan 
tially the same characteristic under any temperature, 
that is, the slope of the output characteristic lines A and 
B under temperatures T; and T2 are substantially the 
same. Therefore, this structure can be used for the cur 
rent control circuit. 

Further, the analysis described in the third embodi 
ment can be applied only to a case wherein the light 
emitting portion of the laser diode 23 is disposed on the 
focal point of the Fresnel lens 24 and the laser source 
unit 21 emits a parallel pencil of rays. 

If the light emitting portion of the laser diode 23 is 
disposed farther than the focal point of the Fresnel lens 

’ 24, the laser source unit 21 emits a convergent pencil of 
rays. In this case, the expressions (6) and (6b) cannot be 
used. Further, if an f0 mirror system is disposed after 
the polygonal mirror 31 instead of the ff) lens system 32, 
the expressions (6) and (6b) cannot be used. 

Fourth Embodiment 

A fourth embodiment comprises the same compo 
nents of the second embodiment shown in FIG. 5. The 
laser beam optical scanning system 20’ has the laser 
source unit 21' which emits a convergent pencil of rays 
and the f0 mirror system. In the fourth embodiment, the 
current supplied to the laser diode 23 is controlled in the 
same manner as in the third embodiment. 
The relation between defocus and the beam spot can 

be analyzed in the same manner as in the second em 
bodiment, and the expressions (2b), (3b), (1 l) and (12) 
can be used. 
The degree of defocus in the main-scanning direction 

(a variation AX]; in the location of the ?nal image point 
in the main-scanning direction) can be calculated as 
indicated by the expression (2b), and the relation be 
tween the degree of defocus AXHand the beam spot can 
be expressed by the expression (4). If the beam spot is 
tolerated to be enlarged to have a diameter D1 in the 
main-scanning direction, an expression (13) can be ob 
tained from the expressions (4a) and (2b). The expres 
sion (13) can be rewritten as follows. 

(13b) 

In the fourth embodiment, the current supplied to the 
laser diode 23 is controlled such that a variation AA in 
the wavelength of the laser beam emitted from the laser 
diode 23 meets the condition above. Practically, the 
tolerable limit D1 of the diameter of the beam spot is 
1.25 times the design value Do. 
The relation between the current supplied to the laser 

diode 23 and the beam spot can be analyzed in the same 
manner as that in the third embodiment. By substituting 
the expressions (22) and (25) mentioned in the third 
embodiment into the expression (13b), an expression 
(31) can be obtained. 

(31) 

In order to keep the diameter D of the beam spot 
within the tolerable range (smaller than D1), the current 
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must be controlled so as to meet the condition indicated 
by the expression (31). 

Other Embodiments 

Although the present invention has been described in 
connection with the embodiments above, it is to be 
noted that various changes and modi?cations are possi 
ble to those who are skilled in the art. Such changes and 

5 

modi?cations are to be understood as being within the 10 
scope of the present invention. 
For example, it is possible to use a laser source unit 

emitting a parallel pencil of rays and an f0 mirror sys 
tem for an optical scanning system. 
What is claimed is: 
1. An image recording apparatus comprising: 
a laser diode for emitting a laser beam in accordance 

with image data; 
a convergent member having a diffraction effect for‘ 

collimating the laser beam, the convergent member 
being disposed in front of the laser diode; and 

optical scanning means for scanning the laser beam 
which passed through the convergent member on 
an image surface; 

wherein the image recording apparatus meets a con 
dition expressed by an expression 

WEI/110,2»). 

in which expression, Ah denotes a variation in wave 
length of the laser beam from a designed wave 
length A with a rise in temperature of the laser 
diode from a standard temperature; 

fm denotes a focal length of the convergent member 
when the laser beam has the wavelength A; 

Do denotes a diameter of a beam spot on the image 
surface when the laser beam has the wavelength 7t; 

D1 denotes a tolerable limit of the diameter of the 
beam spot; and - 

fH denotes a focal length of the optical scanning 
means in a main-scanning direction. 

2. An image recording apparatus as claimed in claim 
1, wherein the laser diode and the convergent member 
are assembled into a unit. 

3. An image recording apparatus as claimed in claim 
1, wherein the convergent member is a micro Fresnel 
lens which has a pattern of concentric circles pitched by 
microns on a sawtooth surface. 

4. An image recording apparatus as claimed in claim 
1, wherein the convergent member is made of resin. 

5. An image recording apparatus as claimed in claim 
1, wherein the optical scanning means comprises a po 
lygonal mirror and an f0 optical system. 

6. An image recording apparatus comprising: 
a laser diode for emitting a laser beam in accordance 

with image data; _ 
a convergent member having a diffraction effect for 

converging the laser beam into a convergent pencil 
of rays, the convergent member being disposed in 
front of the laser diode; and 

optical scanning means for scanning the laser beam 
which passed through the convergent member on 
an image surface; 

wherein the image recording apparatus meets a con 
dition expressed by an expression 
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{4(b2/b1 - tglbllmo/wal 

‘(DI/Day — 1 

in which expression, Ah denotes a variation in wave 
length of the laser beam from a designed wave 
length A with a rise in temperature of the laser 
diode from a standard temperature; 

fm denotes a focal length of the convergent member 
when the laser beam has the wavelength A; 

Do denotes a diameter of a beam spot on the image 
surface when the laser beam has the wavelength A; 

D1 denotes a tolerable limit of the diameter of the 
beam spot; 

b1 denotes a distance between the convergent mem 
ber and its image point; and 

b2 denotes a distance between the optical scanning 
means and the image surface. 

7. An image recording apparatus as claimed in claim 
6, wherein the laser diode and the convergent member 
are assembled into a unit. 

8. An image recording apparatus as claimed in claim 
6,v wherein the convergent member is a micro Fresnel 
lens which has a pattern of concentric circles pitched by 
microns on a sawtooth surface. 

9. An image recording apparatus as claimed in claim 
6, wherein the convergent member is made of resin. 

10. An image recording apparatus as claimed in claim 
6, wherein the optical scanning means comprises a po 
lygonal mirror and an f0 optical system. 

11. An image recording apparatus comprising: 
a laser diode for emitting a laser beam in accordance 

with image data; 
a convergent member having a diffraction effect for 

converging the laser beam, the convergent member 
being disposed in front of the laser diode; ' 

optical scanning means for scanning the laser beam 
which passed through the convergent member on 
an image surface; 

current supply means for supplying the laser diode 
with a current, the current being switched between 
a ?rst level in accordance with a ?rst state of image 
data and a second level in accordance with a sec 
ond state of image data; and 

current control means for adjusting the ?rst level of 
the current so that the laser diode keeps its output 
at a speci?ed level; 

wherein the ?rst level and the second level of the 
current are determined such that the laser beam 
varies its wavelength only within a speci?ed range 
while the laser diode is supplied with the current 
switched between the ?rst level and the second 
level. 

12. An image recording apparatus as claimed in claim 
11, wherein the current control means controls the 
current supply means so that the ?rst level and the 
second level have a difference not more than a speci?ed 
amount. 

13. An image recording apparatus as claimed in claim 
11, wherein the laser diode and the convergent member 
are assembled into a unit. 

14. An image recording apparatus as claimed in claim 
11, wherein the convergent member is a micro Fresnel 
lens which has a pattern of concentric circles pitched by 
microns on a sawtooth surface. 

15. An image recording apparatus as claimed in claim 
11, wherein the convergent member is made of resin. 
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16. An image recording apparatus comprising: 
a laser diode for emitting a laser beam in accordance 

with image data; 
a convergent member having a diffraction effect for 

converging the laser beam, the convergent member 
being disposed in front of the laser diode; 

optical scanning means for scanning the laser beam 
which passed through the convergent member on 
an image surface; 

current supply means for supplying the‘ laser diode 
with a current, the current being switched between 
a ?rst level in accordance with a ?rst state of image 
data and a second level in accordance with a sec 
ond state of image data; and 

18 
current control means for adjusting the ?rst level so 

that the laser diode keeps its output at a speci?ed 
level and for adjusting the second level so that the 
?rst level and the second level has a difference not 
more than a speci?ed amount. 

17. An image recording apparatus as claimed in claim 
16, wherein the laser diode and the convergent member 
are assembled into a unit. 

18. An image recording apparatus as claimed in claim 
10 16, wherein the convergent member is a micro Fresnel 
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lens which has a pattern of concentric circles pitched by 
microns on a sawtooth surface. 

19. An image recording apparatus as claimed in claim 
16, wherein the convergent member is made of resin. 

' t t i i 


